Abstract. A tandem mass spectrometric procedure was developed to detect sesbanimide A and its isomers in plant materials. Analysis of seed extracts from 10 Sesbania species using this procedure readily detected sesbanimides in Drummond rattlebush, rattlebush, and bagpod ses· bania. The toxic sesbanimides were not detected in hemp sesbania or in other species with no known history of animal toxicity. Nomenclature: Sesbanimide A, 4-(5'-hydroxy -6'·(2" -hydroxy -3"-methyl-4"-methylenetetrahydrofuran • 2" -yl) -1',3' • dioxan-4' -yl)-piperidine -2,6 -dione; Drummond rattlebush, Sesbania drummondii (Rydb.) Cory 13 SEBDR; rattlebush, Sesbania punicea (Cav.) Benth. # SEBPU; bagpod sesbania, Sesbania vesicaria (Jacq.) Ell. # SEBVI; hemp sesbania, Sesbania exaltata (Raf.) Rydb. ex A. W. Hill # SEBEX.
INTRODUCTION
Three legumes. usually regarded as Sesbania species and commonly occurring in disturbed areas along the Southern Atlantic and Gulf Coastal Plains, have long been known to be toxic to livestock and fowl (11) . Some confusion exists in the taxonomic literature, as several Latin names and many common names have been used for their identification (8, 11) . A few of the more common synonyms are as follows:
Drummond rattlebush [So drummondii (Rydb bagpod. bladderpod, and coffeebean. These species are often found along roadsides or in unimproved pastures. and Drummond rattlebush is beginning to appear in some soybean [Glycine max (L.) Merr.] fields (2) . Rattlebush is also considered to be a noxious weed in southern Africa (9 sheep (Ovis spp.). and pig (Sus spp.) (10) . Reports of natural poisonings have appeared in the veterinary literature from the late 1800s to the present (1, 11, 18) . and results of experimental poisonings have been described (3. 4, 5) . Clinical signs and lesions are similar in all cases and include various internal hemorrhages and degenerative changes in vital organs. Seeds of these plants tend to remain in the pods and attached to erect woody stems long after the leaves have fallen; natural poisonings usually occur only when animals have no other choice of food.
Attempts to characterize the Sesbania toxin occupied many investigators over the years. Weedon (19) reported that bagpod sesbania contained no alkaloids or cyanogenic glycosides. Others (6. 17) indicated that saponins might account for the toxicity; however, attempts to purify saponins resulted in near or total loss of the toxic factor (10, 13, 14) . Thus. in contrast to impressions from the earlier literature.
Sesbania saponins appear to be relatively harmless.
Isolation of sesbanimide. an antitumor-active compound from Drummond rattlebush. was reported in 1983 (15) . The isolation was guided using cytotoxicity of fractions in tumor cell cultures and toxicity of fractions in leukemic mice according to National Cancer Institute protocols (7). This report was quickly followed by another from South Africa (9) that sesbanirnide had also been isolated from rattlebush. The data in both instances clearly demonstrated that sesbanirnide A was the primary toxin. although two analogs. sesbanirnides B and C; were also reported. The sesbanimides are structurally related to the glutarimide group of antibiotics. including cycloheximide and streptimidone ( Figure 1 ). which are commonly present in cultures of various Streptomyces species. Sesbanimide A is relatively unstable. and considerable losses may be encountered during isolation (16) . The maximum amount recovered from rattlebush was reported to be 102 mg from 4.5 kg of seed (9) .
Occurrence of sesbanimide A in seeds at such very low levels. combined with observations of its inherent instability under conditions often encountered during isolation of natural products. led to the present study to confirm the presence and estimate the concentration of sesbanimide A in seed extracts. Since there are no published methods to rapidly identify sesbanimide in plant extracts. we decided to employ tandem mass spectrometry for this purpose. This technique is sensitive and rapid, and can be used to identify target compounds in relatively crude plant extracts (12) .
MATERIALS AND METHODS
Seeds from 11 accessions of Sesbania and one other species (Senecio abrotanifolius. L.. NU 45644) were selected from the collection at the Northern Regional Research Center. Reference numbers and origins of the Sesbania samples are listed in Table 1 . These were obtained and their identifica-
Sesbanimide B Sesbanimide C hexane in a soxhlet apparatus to remove lipids and then further extracting the seed meals with 95% (v/v) ethanol. Animal tests were conducted in accordance with protocol 1.200 as described by Geran et al. (7) . Analytical procedures. All mass spectrometry (MS)4 experiments were conducted in a triple-stage quadrupole mass spectrometerS. Samples were introduced into the mass spectrometer by means of a solids probe which was ballistically heated to 300 C. Ions were generated by chemical ionization with isobutane (at about 0.3 Torr). For tandem MS experiments (MS/MS), the selected parent ions were mass selected by the fIrst quadrupole, and collisionactivated dissociation daughters were generated at an ion kinetic energy of 20 eV by collision with argon gas at a pressure of 1 mTorr. Daughter spectra were obtained by scanning the third quadrupole over the mass range 40 to 350. Estimates of the quantity of sesbanimide in seed extracts were 
RESULTS AND DISCUSSION
Quantitative analysis for sesbanimide A is difficult because of its low abundance and inherent instability. Chemical ionization (CI)4 was used because it gives abundant high mass ions for sesbanimide, whereas electron ionization does not (16) . The CI mass spectrum of sesbanimide A yields prominent ions at m/z 310, 292, 280, 262, 157, 142, :lIid 139. Both the protonated molecular ion (m/z 328) and the protonabstracted molecular ion (m/z 326) were observed, but neither was abundant; both signals were less than 5% of the base peak at m/z 280.
The more abundant ion at m/z 310, the protonated molecular ion after loss of water, provided better sensitivity in MS/MS experiments while still retaining much of the selectivitj for sesbanimide. The daughter spectrum of m/z 310 from sesbanimide A had prominent ions at m/z 292, 280, 263, 169, 142, and 139; the most abundant daughter, m/z 139, carried nearly half of the total ion current and was chosen for quantitative comparisons.
Daughter spectra of the m/z 310 ion are shown in Figure 2 for sesbanimide A and for partially purified extracts of some representative Sesbania species. An extract of one unrelated legume species, Senecio abrotanifolius L., is included for comparison purposes and serves as an example of the type of aData obtained from a.TJ.titumor tests (P-388 letL1<emia in mice) conducted under conuact according to Nat Cai1cer Inst. protocols. (7) . Ethanol exUacts of S. bispinosa. S. sonorae. and S. speciosa were not screened for antitumor activity.
bAll animals dosed daily for either 9 or 10 consecutive days following the day of tumor inoculation.
'Evaluated on day 5 of the experiment. chosen as the "early death" day where all deaths can be attributed to drug toxicity rather than tumor progression (7). spectrum obtained when sesbanimide is absent. It is apparent tJ'lat m/z 139 is the largest daughter of m/z 310 in the spectra of sesbanimide A and extracts of the three toxic Sesbania species (Figure 2) . The m/z 139 and other diagnostic ions are absent in the spectrum of the Senecio extract; LJUS demonstrates that the m/z 310 signal in this instance is due to other background ionization and cannot be attributed to sesbanimide. Extracts of rattlebush, bagpod sesbania, and Drummond rattlebush all yield ions at both 310 and 139; however, these vary considerably in intensity. In each of these cases the m/z 310 intensity can be attributed to a combination of sesbanimide and background ionization; the m/z 139 ion can, with reasonable certainty, be attributed only to sesbanimides A and B. Our analyses are estimates based on relative abundance of the rn/z 139 ion. Results for seed extracts of the 11 Sesbania accessions examined are summarized in Table   1 Mouse toxicity data for defatted ethanol extracts of some Sesbania seed accessions are compared to those obtained for sesbanimide A in Table 2 . Data were not entirely consistent for replicates of different accessions of Drummond rattlebush, or even for replicates of the same accession of bagpod sesbania. Differences in results for replicates were related to extract histories; both sample toxicity and sesbanimide content decreased over time. Consistent results with pure sesbrmimide could only be obtained if the crystalline material, which is relatively stable, was placed in solution just prior to use. However, it is apparent that toxicity of ethanol extracts in mice (fable 2) closely parallels sesbanimide concentrations obtained by mass spectrometry (fable 1). Our results also clearly demonstrate that species such as hemp sesbania, considered to be nontoxic, do not contain measurable amounts of sesbanimide.
Weed scientists, farmers, veterinarians, physicians, and toxicologists should be alert to the potential hazard presented by toxic Sesbania species, particularly when they occur in cultivated crops. Similarities in seed size and shape indicate that the problems with Drummond rattlebush, rattlebush, and bagpod sesbania could be greatest in soybeans grown on the Gulf Coastal Plains.
